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METHOD OF REMOVING REFRACTIVE DEFECTS IN 
CYCLIC OLEFIN MEDICAL DEVICES 

5 FIELD OF THE INVENTION 

[0001] This invention relates to a method of removing refractive 

defects formed in the matrix of a clear or transparent cyclic olefin component of a 
medical device during steam sterilization, particularly including terminal 
1 0 sterilization of a prefilled syringe or cartridge in an autoclave for example. 

BACKGROUND OF THE INVENTION 
[0002] The development of cyclic olefin polymers has suggested 

the use of such polymers for manufacture of medical devices because medical 

1 5 devices formed of such polymers have good transparency and favorable properties 
including chemical resistance. Thus, a medical transfer or storage device formed 
of a cyclic olefin polymer, copolymer or blend will not absorb or dissolve 
medicaments, vaccines or drugs and such medical devices may be sterilized in an 
autoclave, for example, without structural damage or chemical interaction with the 

20 medicament, drug or vaccine contained therein. 

[0003] However, it has been found that polycyclicolefin 

components exhibit visual aberrations following autoclaving. These aberrations 
appear as a haze, microvoids, sparkles, inclusions or irregularities in the matrix of 
the polycyclicolefin part and are especially noticeable when illuminated by a 

25 bright light in front of a dark background. These refractive defects in the matrix 
of the polycyclicolefin components hinder drug companies, for example, from 
inspecting the medicament, drug or vaccine contained in a storage or delivery 
device, such as a vial, syringe, cartridge or the like. Such storage or delivery 
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devices are inspected by drug companies for particulates in the medicament, drug 
or vaccine and the refractive defects in the matrix of the medical storage or 
delivery device interferes with such inspection. Also, health care workers 
generally visually inspect such medical containers and delivery devices prior to 
5 use and may reject such a device having refractive defects because the content 
appears cloudy upon visual inspection. 

[0004] The phenomena which creates these refractive defects in the 

matrix of a polycyclicolefin device or component is not fully understood. 
However, it is now believed by the Applicant that these refractive defects may 

10 result from absorption or adsorption of moisture by the polycyclicolefin during 
sterilization in the presence of steam, for example, in an autoclave. 
Polycyclicolefins have an excellent moisture barrier, low extractables, and are as 
clear or transparent as glass prior to autoclaving. However, following 
autoclaving, refractive defects appear in the matrix of the polycyclicolefin in the 

1 5 form of a haze, sparkles, inclusions or the like. As stated above, such refractive 
defects restrict the use of polycyclicolefins for medical containers or delivery 
devices which must be inspected following steam sterilization. 

[0005] Terminal sterilization is used by drug manufacturers and 

others primarily to sterilize a medical delivery device, such as a syringe, cartridge 

20 or other delivery device after filling the delivery device with a saline solution, 
medicament, drug or vaccine. The medical delivery device is first filled with 
liquid and then steam-sterilized at a temperature of about 120° to 125°C. Such 
drug delivery devices may be terminally sterilized in an autoclave, which is a 
sealed container or cabinet, and steam, hot water, or superheated steam is 

25 introduced into the autoclave by various methods known by those skilled in this 
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art. A syringe assembly generally includes a barrel, which may be formed of glass 
or plastic having a reduced diameter tip portion generally including a needle 
cannula, but which may include a threaded connection referred to as a Luer 
connector and an open end. A stopper, generally formed of an elastomeric 
5 material, is received in the open end, and a plunger is attached to the stopper for 
delivery of a medicament, drug or vaccine through the cannula. A medical 
cartridge has a similar construction, but does not include a plunger. During 
terminal sterilization, the prefilled syringe or cartridge is placed in an autoclave 
and steam sterilized for 30 to 50 minutes. 

10 [0006] However, as set forth above, where the barrel of the syringe 

or cartridge is formed of a cyclic olefin polymer, copolymer or blend, refractive 
defects are formed in the matrix of the polycyclicolefin during steam sterilization. 
There is, therefore, a need to remove the refractive defects formed in the matrix of 
the cyclic olefin barrel following steam sterilization, particularly where the barrel 

15 or component is subject to visual inspection. 



SUMMARY OF THE INVENTION 
[0007] The method of removing refractive defects formed in the 

matrix of a clear cyclic olefin component of a medical device during sterilization 
20 of this invention begins with steam sterilization, wherein the cyclic olefin 
component is heated to a first temperature greater than 100°C in the presence of 
steam for at least 30 minutes to sterilize the cyclic olefin component. As set forth 
above, it has been found by the Applicant that the refractive defects are formed in 
the matrix of the cyclic olefin component during this steam sterilization step. The 
25 next step is to reduce the temperature of the cyclic olefin component to a second 
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temperature of at least 80°C and maintain the second temperature for at least 20 
minutes, preferably in a relatively "dry atmosphere" for preferably at least 40 
minutes. Alternatively, the temperature of the cyclic olefin component may be 
slowly reduced from the steam sterilization temperature to a second temperature, 
5 such as ambient, over an extended period of time such as three hours. This second 
step removes or dissipates the refractive defects formed in the matrix of the cyclic 
olefin component, returning the component to its original clear or transparent 
state. 

[0008] One preferred method of this invention is to first heat the 

10 cyclic olefin component in the presence of steam in an autoclave at a temperature 
of between 120°C and 130°C for 30 to 50 minutes. This results in sterilization of 
the polycyclicolefin medical component as described above. The medical 
component is then removed from the autoclave and transferred to a conventional 
oven having a relatively dry atmosphere and maintaining the second temperature 

15 for preferably at least 40 minutes. Alternatively, the entire procedure may be 
performed in an autoclave, wherein the medical component is first steam or 
terminally sterilized as described above, then the introduction of water or steam to 
the autoclave is stopped and the autoclave is preferably vented to reduce the 
humidity in the autoclave to generally ambient humidity, preferably less than 70% 

20 or more preferably less than 50% relative humidity, and the medical component is 
maintained at the second temperature for at least 20 minutes, more preferably at 
least 40 minutes. Although not preferred from a commercial processing 
standpoint, it has been found by the applicant that it is also possible to remove the 
refractive defects by turning off the autoclave and allowing the component to 

25 slowly cool to ambient temperature without venting the autoclave. 
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[0009] As stated above, the reasons why refractive defects form in 

the matrix of a component formed of a polycyclicolefin during steam sterilization 
is not fully understood. It is believed, however, that moisture may be absorbed or 
adsorbed into the polycyclicolefin during steam sterilization. In view of the fact 
5 that the refractive defects appear to be in the matrix of the polycyclicolefin, it is 
believed that moisture may be absorbed by the polycyclicolefin during steam 
sterilization. Thus, in the preferred method of removing refractive defects formed 
in the matrix of a clear cyclic olefin component of this invention, the temperature 
of the cyclic olefin component is maintained at a temperature of at least 70°C 

10 following steam sterilization. 

[0010] The preferred temperature for the second step of the method 

of this invention, wherein the polycyclicolefin component is maintained at the 
second temperature, preferably at a reduced humidity, will depend upon the 
component. Where the polycyclicolefin component is a container or a delivery 

15 device, such as a medical vial, syringe or cartridge filled with a liquid, such as a 
medicament, drug or vaccine, the second temperature should be less than 100°C to 
prevent boiling of the liquid. However, where the polycyclicolefin component is 
dry, the second temperature maybe between 80°C and 125°C. 

[0011] As used herein, the terms "cyclic olefin" and 

20 "polycyclicolefin" are intended to broadly cover cyclic olefin polymers, 
copolymers and polymer blends and which may also include various additives. 
However, as discussed below, it has also been found more difficult to remove 
refractive defects from certain cyclic olefin polymers than others. As discussed 
further below, the method of this invention has been found to be particularly 
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advantageous for removing refractive defects from cyclic olefin polymer blends as 
disclosed, for example, in U.S. Patent No. 5,468,803 of Nippon Zeon Co. Ltd. 



BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0012] Figure 1 is a flow chart of one embodiment of the method 

of this invention; 

[0013] Figure 2 schematically illustrates filling a conventional 

syringe barrel; 

[0014] Figure 3 schematically illustrates insertion of the stopper 

1 0 and plunger assembly; 

[0015] Figure 4 schematically illustrates steam sterilization in an 

autoclave, for example; 

[0016] Figure 5 schematically illustrates the final step in the 

method illustrated in Figure 1 ; 
15 [0017] Figure 6 is a flow chart illustrating an alternative 

embodiment of the method of this invention; 

[0018] Figure 7 schematically illustrates a step in the method of 

Figure 6; and 

[0019] Figure 8 schematically illustrates the final step in the 

20 method of Figure 6. 
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DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 
[0020] As set forth above, the method of this invention relates to 

the removal or elimination of refractive defects in the matrix of a component of a 
medical device formed of a clear cyclic olefin polymer, copolymer or polymer 
5 blend. The method of this invention is particularly adapted for medical storage or 
delivery devices including vials, syringes, cartridges and the like, wherein the vial 
or barrel is formed of a cyclic olefin polymer, copolymer or polymer blend which 
requires steam sterilization, particularly including terminal sterilization where the 
content of the medical storage or delivery device is visually inspected following 

10 terminal sterilization. As will be understood from the following description, 
however, the method of this invention may also be utilized to remove refractive 
defects in the matrix of any component of a medical device formed of a clear 
polycyclicolefin following steam sterilization. 

[0021] Figures 1 to 5 illustrate one embodiment of the method of 

15 this invention with terminal sterilization of a prefilled syringe assembly. As set 
forth above, however, the same method can be used for other medical storage or 
transfer devices including cartridges, vials, etc. In the method disclosed, the 
syringe barrel 20 is filled with a predetermined volume of liquid 22, such as a 
saline solution, medicament, drug or vaccine as shown in Figure 2. The disclosed 

20 embodiment of the syringe barrel includes an integral reduced diameter tip portion 
24 having a threaded end 26 which receives a cap 28 sealing the end of the tip 
portion. Alternatively, the tip portion may include a needle cannula adhesively 
bonded to or threaded onto the end of the reduced diameter tip portion 24, wherein 
the tip portion is sealed with a needle shield or sheath (not shown). A 

25 conventional syringe barrel also includes a flange 30 at the open end 32. 
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Following the filling of the syringe barrel 20 as shown in Figure 2, the open end 
32 is sealed with a stopper and plunger assembly through the open end 32 as 
shown in Figure 3. The plunger and stopper assembly shown in Figure 3 includes 
a stopper 34 generally formed of an elastomeric material and a plunger 36 fixed to 

5 the stopper 34 by a suitable fastening means including adhesive, a threaded 
connection, etc. forming a sealed syringe assembly as shown in Figure 3. 

[0022] The next step in the method of this invention includes steam 

sterilization in an enclosure 38 as shown in Figure 4, such as the cabinet of an 
autoclave. As will be understood by those skilled in this art, there are various 

10 types of autoclaves wherein steam, superheated steam or hot water and air are 
introduced into the autoclave cabinet, heating the content of the autoclave to a 
temperature of greater than 100°C, generally between 120°C and 125°C. Thus, 
the syringe assembly is heated in the autoclave in the presence of steam to a 
temperature greater than 100°C or preferably greater than 120°C as shown in 

15 Figure 4. The syringe assembly is maintained at the sterilization temperature for 
at least 20 minutes, more preferably between 30 and 50 minutes, sterilizing the 
syringe assembly including the liquid 22 in the syringe barrel 20. 

[0023] The barrel 20 of the syringe illustrated in the figures is 

formed of a clear or transparent cyclic olefin. As used herein, the term "cyclic 

20 olefin" is intended to broadly cover cyclic olefin polymers, copolymers, and 
blends. Polycyclicolefins are also known as polycycloolefms. As set forth above, 
refractive defects are formed in the matrix of the cyclic olefin barrel 20 during 
steam sterilization in the form of a haze, microvoids, sparkles, inclusions or 
irregularities. These refractive defects interfere with visual inspection of the 

25 liquid 22 in the barrel 20, particularly visual inspection of the liquid for 



particulates. Health care workers may also reject a prefilled syringe where the 
liquid 22 appears cloudy because of the refractive defects in the matrix of the 
polycyclicolefin barrel 20. It is therefore very desirable to remove these refractive 
defects from the clear cyclic olefin barrel 20. 
5 [0024] The method of removing the refractive defects in the 

polycyclicolefin barrel 20 then includes heating the prefilled syringe at a second 
temperature preferably less than the boiling temperature of the liquid 22 in the 
barrel or less than 100°C preferably at a reduced humidity compared to the 
humidity of the autoclave. One method of performing this step is to remove the 

10 syringe assembly from the autoclave 38 and place the syringe assembly in a 
conventional oven or other heated enclosure having a relatively low humidity as 
shown at 40 in Figure 5. The syringe assembly is then maintained at the second 
temperature for at least 20 minutes or the temperature is slowly reduced such that 
the temperature of the syringe assembly is maintained above 70°C for at least 40 

1 5 minutes. It has been found that the temperature in the second enclosure 40 should 
be maintained at least 80°C preferably for at least 40 minutes to substantially fully 
remove the refractive defects formed in the matrix of the clear cyclic olefin barrel 
20. Thus, the preferred range of temperatures in the second enclosure 40 is 
between about 80°C and 100°C for a prefilled syringe following terminal 

20 sterilization. 

[0025] Figure 6 illustrates an alternative method of this invention, 

wherein the steam sterilization and removal of the refractive defects is performed 
in the autoclave. This method first includes filling the syringe barrel 20 with a 
liquid 22 as shown in Figure 2 and described above. The syringe barrel is then 
25 sealed with a stopper 34 as shown in Figure 4 as described above. Next, prefilled 
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syringe assembly is steam sterilized in an autoclave 38, for example, as described 
above in regard to Figure 4 . Next, the autoclave is vented by opening vent 40 to 
remove the steam as schematically illustrated in Figure 7 and the water or steam 
lines to the autoclave are shut off. Finally, the prefilled syringe assembly is 
5 heated at the second temperature, preferably between 80°C and 100°C as 
described above in the autoclave 38 as shown in Figure 8. The syringe assembly 
is thus heated in a relatively dry atmosphere, preferably having a relative humidity 
of less than 50% for at least 20 minutes, or more preferably at least 40 minutes. 
Alternatively, the autoclave is turned off and the prefilled syringe is permitted to 

10 slowly cool to ambient without venting such that the syringe is maintained at a 
temperature greater than 70°C for at least 40 minutes. 

[0026] As set forth above, the method of this invention may also be 

utilized to remove refractive defects formed in the matrix of a clear olefin 
component of a medical storage or transfer device, wherein the medical storage or 

1 5 delivery device is not prefilled. For example, the method of this invention might 
be used to remove refractive defects in a cyclic olefin syringe barrel, cartridge or 
vial following steam sterilization. Where the medical storage or delivery device 
does not include a liquid, the second temperature may be greater than 100°C, 
wherein the dry cyclic olefin component is heated in a relatively dry atmosphere 

20 as described above. In this method, the preferred range for the second 
temperature is between 80°C and 127°C. As will be understood, however, there 
are other methods of sterilizing dry medical components which do not require 
steam. Therefore, the method of this invention is most preferred for terminal 
sterilization of prefilled medical components which requires terminal steam 

25 sterilization. 
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[0027] As set forth above, the method of this invention is 

particularly adapted for removing refractive defects formed in the matrix of a clear 
cyclic olefin component of a medical device. It has been found, however, that the 
method of this invention is particularly suitable for removing refractive defects 
5 formed in the matrix of a clear cyclic olefin thermoplastic such as Zeonex™ 
available from Zeon Chemicals of Louisville, Kentucky. The cyclic olefin 
thermoplastic utilized in the test conducted by the Applicant was Zeonex 690R. It 
is understood that Zeonex™ is a polymer composition including a thermoplastic 
norbornene polymer or norbornene polymer blend with a rubber-like polymer as 

10 set forth in U.S. Patent No. 5,468,803 and U.S. Patent No. 5,561,208 the 
disclosures of which are incorporated herein. Although cyclic olefin has been 
broadly defined above, it has been found by the Applicant that the method of this 
invention was not successful in removing refractive defects in all cyclic olefins. 
Specifically, the method of this invention did not remove refractive defects 

15 formed in the matrix of syringe barrels formed of Topas™, which is a cyclic 
olefin copolymer with polyethylene available from the Ticona Division of 
Celanese AG. The reason why this method was not successful with Topas™ 
cyclic olefin is not presently understood. 

[0028] As will be understood by those skilled in this art, various 

20 modifications may be made to the method of this invention within the purview of 
the appended claims. Although the method of this invention was particularly 
developed for removing refractive defects in a prefilled medical container or 
delivery device formed of a cyclic olefin copolymer blend following terminal 
sterilization, the method of this invention may also be utilized for other 

25 polycyclicolefin components following steam sterilization. In the preferred 
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embodiment of the method of this invention, the temperature of the cyclic olefin 
component is maintained at or slowly reduced to a temperature of greater than 
70°C prior to heating at the second temperature preferably in a relatively dry 
atmosphere. As will thus be understood, the step of maintaining the cyclic olefin 
5 component at the second temperature may be accomplished either by quickly 
reducing the temperature from the steam sterilization temperature to the second 
temperature, such as by moving the component to an oven, or by slowly reducing 
the temperature in the autoclave for example, whereby the component is 
maintained at a temperature greater than 70°C or more preferably greater than 

10 80°C for at least 20 minutes or more preferably greater than 30 minutes. The 
removal of the refractive defects from the clear cyclic olefin component following 
steam sterilization opens the use of such polymers for medical containers and 
delivery devices, particularly the barrels of syringes and cartridges. Having 
described the preferred embodiments of the method of this invention, it is now 

15 claimed as follows. 
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